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B ABHHOH pa6oTe paccMaTpHea~Tc~ eoaMomHOCTH 4HcneHHoro MOAe
nHpoeaHH~ ~HKnOTPOHH~X H CHHXPOTpOHH~X MarHHTH~X CHCTeM CO CBepx
npOBOA~~eH 06MOTKOH. Pac4eT~ B~nonH~nHCb Ha OCHOBe MeTOAa o6oeM
H~X HHTerpanbH~X ypaeHeHHH C HCnOnb30BBHHeM paapa6oTaHHOH cne
~HanH3HPOBaHHOH CHCTeM~ nporpaMM MAGSYs/1/, npH noMO~H 3THX npo
rpaMM 4HCneHHO pewaeTC~ HenHHeHHOe BeKTOpHoe HHTerpanbHOe ypae
HeHHe OTHOCHTenbHO HHAYK~HH MarHHTHOrO non~ 

/1/ 

... 
rAe R - PBAHyc-eeKTOp MelKAY T04KOH HCT04HHKa H T04KOH Ha6n~-
AeHH~; ~= (\~\) - MarHHTHa~ npoHH~aeMOCTb; Be - MarHHTHa~ HH
AYK~H~ TOKOBOH 06MOTKH. HHTerpan B /1/ npeACTaBn~eT BKnaA B HH
AYK~H~ non~ OT HaMarHH4eHHOH cpeA~· PeweHHe /1/ onpeAen~eTc~ 
nHwb a npeAenax o6nacTH MarHHTonpoeoAa, KOTopa~ npeACTaen~eTc~ 

KaK COBOKynHOCTb noA06nacTeH - KOHe4H~X 3neMeHTOB. B npeAenax 
KBlKAOrO 3neMeHTa MarHHTHa~ HHAYK~H~, cneAOBaTenbHO, MarHHTHa~ 
npoHH~aeMOCTb, npeAnonara~Tc~ nocTO~HH~MH, YpaeHeHHe a ~opMe /1/ 
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OTHOCHTenbHO BeKTopa HaMarHH4eHH~, paCCMaTpHBaeMOe B pa60Te/2/, 
PeweHHe HenHHeHHOH anre6paH4eCKOH CHCTeM~, K KOTOPOH CBOAHTC~ 
/1/ npH 4HCneHHOM peweHHH, ocy~eCTBn~nOCb MeTOAOM "norpy>KeHH~ 11 • 
npH nOMO~H paapa6oTaHHOH CHCTeM~ nporpaMM 6~nH npoBeAeH~ pac-
4eT~ P~Aa MarHHTH~X CHCTeM YCKOpHTeneH 3ap~>KeHH~X 4BCTH~. nn~ 
ceKTopHoro ~HKnoTpOHHoro MarHHTa /MrTH/ 11 1 npH HHAYK~HH 1,8 T 
B pa6o4eM AHana30He PBAHYCOB T04HOCTb pac4eTa no cpeAHeMy non~ 
npH 192 3neMeHTaX B cpaeHeHHH C ABHH~MH H3MepeHHH COCTB8Hna 
5· 1 o-3 /1/. 

C ~enb~ AOnOnHHTenbHOH o~eHKH T04HOCTH 6~n npo8eAeH paC4eT 
MarHHTHoro non~ MoAenH MHnaHcKoro ~HKnoTpoHa/3/ co c8epxnpo8o
A~~eH o6MoTKOH /pHc. 1a/. 3To MarHHT 6poHe8oro THna co cnHpanb
H~MH non~CH~MH WHMMBMH. non~C HMeeT 8epTHKanbH~e OT8epcTH~ An~ 

HHlKeK~HH 4BCTH~ H YCTBH08KH 3neMeHT08 8~COK04BCTOTHOH CHCTeM~. 
4HcneHHa~ MOAenb MarHHTa npH8eAeHa Ha pHc.16. B pac4eTe ~HnHHA
PH4ecKHe OT8epCTH~ 8 non~ce 6~nH 3BMeHeH~ 3K8H8aneHTH~MH no 
o6oeMy KOH~eHTPH4eCKHMH npoT04KaMH. Ha pHc.2 noKaaaHo pacnpe
AeneHHe MarHHTHOH npoHH~aeMoCTH MarHHTonpo8oAa. To4HOCTb pac-
4eTa no aaHMYTanbHOMY cpeAHeMy non~ cocTa8Hna 6·10-3 8 pa6o-
4eM AHana3oHe PBAHYC08 /pHc.3a/. Pac4eTHa~ KpH8a~ non~ H3 pa-
6oT~/3/ /A8YMepHa~ CeT04Hafl MeTOAHKa 8 C04eTaHHH C MeTOAOM 
pa8HOMepHoro HaMarHH4eHH~/ HMeeT OTnH4He OT 3KCnepHMeHTanbHOH 
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1 

~ PHc. I a. TioJliOcHbrn HaKoHetJHHK 
., llimaHCKOrO l~HKJIOTpOHa /BHlJ, 

CBepxy/. I - CllHPaJibHbie DIHMMbi, 
2 - llOJIIDCHafl HaKJiagKa. 

PHc.l6. liHcJieHHaH MogeJib 
MarHHTa ~fimal:l:cKoro 
~KJIOTpOHa. 

2 

30 

20 

1) 

20 30 40 R(cM) 50 

PHc.2. PacnpegeJieHHe OTHOCHTeJibHOH MarHHTHOH 
llpOHH~aeMOCTH B npegenax MarHHTOllpOBOga llimaH
CKOro ~KJIOTpOHa. ] - CllHPaJibHbie IIIHMMbl, 2 -
noJIIDCHaH HaKJiagKa, 3 - TOKOBaH o6MOTKa, A -
flPMO. 
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~:~M----. 3.4 I ------, 

l3 : \ 
l2 : \ 
3.1 I I 

lO~~~~~~~~~~~~ o 2 4 6 8 10 12 14 16 18 20 R(cM) 

PHc.3a. CpegHee MarHHTHoe 
noJie MHJiaHcKoro ~KJIOTpoHa. 
I - pactJeT no MAGSYS, 2 -
H3MepeHHafl KPHBafl, 3 - pactJeT 
ABYMepHOH MeTOAHKOH + MeTOA 
paBHOMepHoro HaMarHH'IeHHfl. 

BIT) 
41. 
4.2 
4.0 
3.8 
3.6 
3.4 
3.2 
3D~~~~~~~-*~~~~ 

PHc.36. PacnpegeJieHHe noJIH 
BAOJib a3HMyTa AJIH R = 8,5 CM. 
/~hmaHCKHH ~KJIOTpOH/. 0603-
HatJeHHfl Te ~e, 'ITO H gJifl 
PHC. 3a. 

KPI1BOi1 - 3. l o-2. Ha PI1C. 36 npi1BeAeHO aHanor114HO PI1C. 3a cpaBHeHI1e 
a311MYTailbHbiX KPI1BbiX nonH. 

Ha cTaA1111 YT04HeHI1H napaMerpoe AilH 3CKI13Horo npoeKTI1poeaHI1H 
CBepxnpOBOAH~11X MarH11TH~X CI1CTeM Aei1TpOHHOrO ~11KilOTPOHHOrO KOMn
JleKCa Ha 3Heprl1~ 2 r3B/ 4/ B~nOilHHI111Cb pac4eT~ paA11ailbHo-ceKTop
HOH 11 Cnl1pailbHO-ceKTOpHoi1 CTPYKTYP ABYX YCKOPI1TeJlei1 KOMnileKca 
/,ll,l.\-1 11 ALI-II/. 

Y11cneHHaH MoAeilb ,ll,l.\-1 npeAcTaeneHa Ha pl1c.4, KOH$11rypa~I1H 
n~n~~nhHn-rPKTnnHnrn M~rHMTa - Ha o~c.S. rne HaHeceHa TaK~e 
npoeK~I1H eeKropa HaMarHI14eHI1H e nnocKoCTI1 YOZ AilH oTAeilbH~x 

06IlaC Tei1 MarHI1TOnpOBOAa. l.\11$paMI1 OTMe4eHbl 3Ha4eH11H OTHOCI1TeJlb
HOH MarHI1THOH npOHI1~aeMOCTI1 B OTAeilbH~X OUJlaCTHX MarHI1TOnpOBOAa. 
A311MyTailbH~e pacnpeAeileH11H AilH Ha4ailbHoro, cpeAHero 11 KOHe4Horo 
PaAI1YCOB MarH11THOrO nOilH CI1CTeM~ npeACTaBileH~ Ha p11c.6. 

T04HOCTb pac4eTOB ,ll,l.\-1, o~eHI1BaeMaH Ha OCHOBaHI111 cpaeHeHI1H 
ABYX pac4eToB c pa3Il114H~M 411CilOM 11 $opMoi1 3IleMeHTOB /108 11 30/ 
B COOTBeTCTBI111 C pi1C.], COCTaBMila 4.1Q-3. 

np11 pac4eTe CBepxnpoBOAH~ero MarHMTa onpeAeJleHI1e nOHAePOMQ
TOPH~X YC11Ili1H Ha OTAeilbH~e 4aCTI1 CI1CTeM~ 11rpaeT BamHy~ pOilb. 
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}J0 M=2.15T ,....__..... 

Z(cM) 
150 

50 

PHc.5. PacnpeAeneHHe OTHOCHTenbHOH 
MarHHTHOH llPOHHUaeMOCTH H none BeK
TOpa HaMarHHqeHHR AnR AU-I. I
TIOnJOC, 2 - TOKOBaR 06MOTKa, 3 - RpMO, 

B(r) 

5 

4 

3 

2 

I 

-1 f----_lli!i_ -

-2 

PHc.6. PacnpeAeneHHe nonR 
BAOnb a3HMYTa AnR AU-I. 
I - R = 30 CM. 
II- R 47,5 CM, 
III - R = 130 CM. 

110 120 130 1LO R(cM) 

1 

PHc.7. OueHKa 
TOqHOCTH pacqeTa 
AU-I. I, I" -
30 3neMeHTOB, 
2,2" - 108 gne
MeHTOB, 

' ) 

) 

no3TOMY An~ AU-I B~4HcnnnHcb ycHnH~ Ha o6MOTKY, non~c H ~pMo. 
TaK, HanpHMep, nHHeHHa~ nnoTHOCTb pacT~rHBa~HX o6MoTKY cHn 
cocrasn~eT -3 MH/M. 

MarHHTHa~ CHCTeMa II KaCKaAa AeHTPOHHOro KOMnneKca /AU-II 
COCTOHT H3 9 CnHpanbHo-ceKTOPH~X MarHHTOB CO CBepxnpoBOA~~HMH 
o6MOTKaMH /pHc.8/. reoMeTpH~ MarHHTa C pacnpeAeneHH~MH BeKTOpa 

HaMarHH4eHHOCTH noKa3aHa Ha pHc.9. A3HMyTanbH~e pacnpeAeneHH~ 
non~ An~ 4eT~pex xapaKTepH~X paAHYCOB npeACTaaneH~ Ha pHc.lO. 
KaK BHAHO H3 pHCYHKa, none o6parHoro 3HaKa MemAY ceKTopaMH AO
CTHraer 30% nonR B xonMe. 

MarHHTHa~ CHCTeMa caepxnpOBOA~~ero CHHXpOTPOHa-HHmeKTOpa Ha 
3HeprH~ npOTOHOB 1,5 r3B COCTOHT H3 HMnynbCH~X caepxnpoBOA~~HX 
/Cn/ MarHHTOB H nHH3/S~/. 

ZI<M) 

200 

200 300 500 Ri<•l 

~ 

PHC.9. llone BeKTOpa HaMarHHqeHHR 
AU-II. I - TOKOBaR o6MoTKa, 2 -
HPMO. 

BAOnb 

B(T 

PHc.IO. PacnpeAeneHHe nonH 
a3HMyTa AnR AU-II. I - R 
II - R 200 eM, III - R = 
IV - R = 310 CM. 

140 CM, 
260 CM, • -5. L__r~~------~ e· 5 10 15 
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MarHHTHOe none AHnonbHOro MarHHTa ~OPMHpyeTC~ en o6MOTKO~ 
H 6nH3Ko pacnonomeHH~M meneaH~M cepAe4HHKoM. Ha pHc. 11 noKaaa
Ha pac4eTHa~ MOAenb o6MOTKH en AHnon~ H 1/8 meneaHoro ~pMa. 

PHc.ll. qHcneHHaH MOAenb AHTIOnbHOrO MarHHTa CBepxTipOBO
AH~ero CHHXpOTpOHa-HH~eKTOpa Ha 3HeprHID TipOTOHOB 
I ,5 faB. 

KoHCTPYK~H~ MarHHTa /anepTypa 65x55 MM 2
, AnHHa ~pMa 42 eM/ no

aeon~eT ~OPMHPOBaTb none B AHnone BbiCOKOOAHOPOAHbiM npaKTH4eCKH 
~.:; =::~~; M .. -;~;; ;~ ;.~~;-; if.i7 0. ~~nar.:v D~JI~H ..... I DYI6 Y1\.."-C1/t\t;n..-u~-. na I UtJ4c:1A 

MarHHTa ~OPM~ non~ eenH4HHa ero HHTerpanbH~x HenHHe~HocTe~ co
CTaen~eT -0,3%. eHcTeMa nporpaMM MAGSYS noaeon~eT npoBOAHTb 
HCCneAOBaHH~ HeOAHOPOAHOCTe~ none~ en AHnone~ H KBaApynone~ 
no eenH4HHaM aMnnHTYA B~CWHX npOCTpaHCTBeHH~X rapMOHHK non~, 

OTHeCeHH~X K OCHOBHO~. HccneAOBaHH~ 3aBHCHMOCTH T04HOCTH pac-
4eTOB rapMOHHK non~ OT 4HCna KOHe4H~X 3neMeHTOB pa36HeHH~ o6-
naCTH meneaHoro 3KpaHa noKaaanH, 4TO yme npH 48 KOHe4H~x 3ne
MeHTax eenH4HH~ ceKcTynonbHO~ H AeKanonbHO~ rapMOHHK An~ ~eHT
panbHoro non~ en AHnon~, paCC4HTaHH~e no ~~GSYS H C nOMO~b~ 
KoHe4Ho-paaHOCTHoro MeToAa /cHcTeMa nporpaMM POISSON/7/ /, oT-

nH4a~Tc~ ecero Ha- 1•1 o-3. Pac4eTHoe pacnpeAeneHHe HHTerpanb
H~X HenHHe~HOCTe~ /CyMMapHa~ HenHHe~HOCTb no CeKCTynOnbHO~ 
H AeKanonbHO~ rapMOHHKe/ An~ en AHnon~ /pHC. 12,I/ c T04HOCTb~ 
3,2• 10-3 coenano c npeAeapHTenbH~MH peaynbTaTaMH H3MepeHH~ 
HHAYK~HOHH~MH KaTywKaMH npH 4,2 K /pHc. 12, II/. 

en KBaAPYnOnb C np~MoyronbHO~ anepTypo~ 84x42 MM 2
, ABYXCno~

HO~ o6MOTKO~ Ha TOp~aX H AnHHO~ cepAe4HHKa 11,6 CM paCC4HTaH Ha 
rpaAHeHT 88 T/M npH ToKe 1,63 KA. Ha pHc.13 npeACTaeneHa pac-
4eTHa~ MOAenb en o6MOTKH KBaApynon~. PacnpeAeneHHe eenH4HH~ a 
/rpaAHeHTa non~/ BAOnb ocH KBaApynon~ npeACTaeneHo Ha pHc.14. 
BHAHO, 4TO eenH4HHY rpaAHeHTa MOmHO C4HTaTb noCTO~HHO~ nHWb Ha 
1/3 AnHH~ meneaHoro cepAe4HHKa, C4HTa~ oT ~eHTpa KBaApynon~. 3To 

6 

I 
~ 

1.5 

1.0 

0.5 

2.5 l(KA) 

PHC , 13 , qHCneHHa.R MOAenb KB aA-
1 

pynonbHoro MarHHTa. 

~,.,a 

PHc.l2. PacnpeAeneHHe HHTerpanb
HhiX HenHHeHHOCTeH TIOnH B aaBHCH
MOCTH OT qHcna aMnepBHTKOB. 
a/ AnH AHTIOnbHoro MarHHTa: I -
pacqeT, II - HaMepeHHH; 6/ AnH 
KB~pynonbHoro MarHHTa: III -
pacqeT qeTBepTOH rapMOHHKH, 
IV - pacqeT mecToH: rapMOHHKH, 
V - pacqeT BOCbMOH rapMOHHKH, 
:K - H3MepeHH.R. 

PHc.l4. PacnpeAeneHHe senH
qHHhl G /rpaAHeHTa/ non.R. 
I - Cll-KB~pynon.R, 2 - 6ea
~eneaHoro Cll-KB~pynon.R. 

o6cTo~TenbcTeo Y4HT~eanocb npH H3MepeHHH nonR ~HAYK4~0HH~M~ Ka
TYWKaMH e ~eHTpanbHO~ o6nacTH KBaApynonR. Pac4eTH~e pacnpeAene
H~R HHTerpanbH~X HenHHe~HOCTeH nonR Cn KBaApynonR B 3aB~CHMOCT~ 
aT 4~cna aMnepe~TKoe /pHc. 12, III,IV,V/ xopowo cornacy~TCR c pe
aynbTaTaMH npeABap~TenbH~X ~3MepeH~H ~HAYK~HOHH~MH KaTYWKaM~ 
e 11 TennoM11 eap~aHTe AnR 3Ha4eHHR TaKa I = 50 A. 3To noaeonReT 
HaAeRTbCR, 4TO Ben~4~Ha ~HTerpanbH~X HenHHeHHOCTeH AnR pa3H~X 
YPOBHeH HHAYK~~H 6yAeT He 6onee 2·10-3. 

CHcTeMa nporpaMM MAGSYS npeAHa3Ha4eHa AnR 3BM T~na CDC-6500 
~ EC-1060. 4Hcno 3neMeHTOB paa6HeHHR o6nacT~ MarH~TonpoBOAa AnR 
paCCMOTpeHH~X B~We npHMepOB H3MeHRnOCb OT 4 AO 192, 3aTpa4~Bae
~IOe epeMR ~eHTpanbHoro npo~eccopa CDC-6500 AnR npoBeAeHHR OAHoro 
pac4eTa eapbHPOBanOCb, COOTBeTCTBeHHO, OT HeCKOnbK~X M~HYT AO 
20 4ac. 
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B Ta6mu~e npeACTaeneHa KpaTKaR CBOAKa AaHH~X no seeM MarHHT-
HblM CHCTeMaM, pacCMaTpHBaeM~M B HaCTOR~e~ pa6oTe, 

Ta6~a 

MarHHTbl liHCJIO BpeMH MaKCHMaJibHOe 0THOCHTeJibHa.ll 
KOHettHbiX QeHTPaJibHOI"'O none B pa6o- TO'!HOCTb pac-
3JieMeHTOB npoQeccopa tteii o6n. tteTa 

CDC-6500 /T I 
/B tt,/ 

MrTH/l/ 192 20 I, 8 5· 10-3 

MHJiaHCKHH 
QHKJIOTpOH 32 0,7 4,3 6· 10-3 

.[lU-I 30 1,2 4,6 4· 1 o-3 

,[{U-II 4 0,4 9,4 

):{HnOJib 48 I ,4 2,5 3· 10-3 

KB~pynoJib 56 I, 7 2,8 1•10-3 

Ha OCHOBaHHI-1 nony4eHH~X pe3ynbTaTOB MO*HO CAenaTb 3aKn~4eHHe 

0 TOM, 4TO AnR AaHHOrO Knacca CBepxnpOBOAR~HX MarHHTOB BBHAY 
no4TH nonHoro Hac~~eHHR MarHHTonpoeoAa 1-1n1-1 6naroAaPR YAaneHHo
CTH pa604e~ 30H~ OT o6naCTH ~eppoMarHeTHKa, T04HOCTb pac4eTH~X 

pac p A .n H~1~ r.o.n~ ,qocTa704Hd :< .:nr A .. "l;: o~5op.: n~p::~1e T pos c~cTeM 

6e3 nocTpOeHHR npoMe*YT04H~X MOAene~, TaK 1-1 AnR HHTepnpeTa~HI-1 

1-1 AOnonHeHHR MarHHTH~X H3MepeHH~ AnR HCn~T~eaeM~x MarHHTOB. 

ABTOP~ C4HTa~T CBOHM npHRTH~M AOnroM B~pa3HTb npH3HaTenbHOCTb 
H.n.3annaTHHY 1-1 H.A.Wenaeey 3a nocTaHOBKY 3aAa4H 1-1 nOAAeP*KY 
B pa6oTe. 
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6opHcoecKa~ 3.8., Bopo~~oa C.6., nyAapeea T.H. 
Pac4eT CBepxnpOBOA~~HX MarHHTH~X CHCTeM YCKOPHTeneH 
MeTOAOM 06oeMH~X HHTerpanbH~X ypaaHeHHH 

P9·83-753 

PaccMaTpHea~Tc~ B03MO*HOCTH 4HCneHHoro MQAenHpoaaHH~ ~HKnOTPOHH~x 
H CHHXPOTPOHH~X MarHHTHWX CHCTeM CO CBepxnpoBOA~~eH oOMOTKOH. Pac4eT~ BW· 
nonH~nHCb Ha OCHOBe MeTOAa 06oeMH~X HHTerpanbH~X ypaBHeHHH C OOM~b~ pa3· 
pa6oTaHHOH cne~HanHaHpoaaHHOH CHCTeM~ nporpaMM MAGSYS. O~eHKa T04HOCTH 
nony4aeM~x peaynbTaTo- nPOBOAHnacb n~TeM cpaeHeHH~ pac4eTH~x pacnpeAeneHHH 
C H3MepeHH~MH H COCTaaHna /2+6/•10-, 4TO AOCTaT04HO KaK AnR Bw6opa na· 
PaMeTpOB CHCTeM 6e3 OOCTpOeHH~ npOMe*YT04H~X MOAeneH, TaK H AnR HHTepnpe
Ta~HH H AOnOnHeHH~ MarHHTHWX H3MepeHHH AnR HCnwTYeM~X MarHHTOB. 

Pa6oTa a~nonHeHa B na6opaTOPHH ~AepH~X npo6neM H na6opaTOPHH BWcOKHX 
3HeprHH 011.RI1. 

Borisovskaya Z.V., Vorozhtsov S.B., Dudareva T.N. P9-83-753 
The Calculation of Accelerator Superconducting Magnetic Systems 
Using the Method of Volume Integral Equations 

The possibil lties of numerical model! ing of cyclotron and synchrotron 
magnetic systems wi~h superconducting coil are considered. The calcula
tions have been made using the method of volume integral equations by means 
of the developed system of MAGSYS programs oriented exceptionally for these 
types of problems. The accuracy of the results obtained was estimated by 
comparing the calculated distributions with the measured ones and was equal 
to (276)·10-

3
• This is sufficient to choose parameters of the systems 

without the construction of small size models and to interpret and supple
ment magnetic measurements for the magnets under test. 

The investigation has been performed at the laboratory of Nuclear 
Problems and the laboratory of High Energies, JINR. 
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